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Purpose:This study was designed to identify differences in the per- and postoperative outcomes between total laparoscopic
and open surgical repair of abdominal aortic aneurysms (AAA).
Methods: We reviewed 30 patients who underwent total laparoscopic AAA repair between July 2003 and December 2004
(group I). This group was matched in a case-control fashion by AAA morphology and American Society of Anesthesi-
ologists class with a group of 30 patients who underwent conventional AAA repair between April 1997 and May 2004
(group II). Proportions and categoric data were compared with a 2 test. Continuous data were compared with a
Mann-Whitney test.
Results: The two groups had comparable characteristics of age and cardiovascular risk factors. The number of tube and
bifurcated grafts was 13 for group I and 17 for group II. Median operative time was 255 minutes (range, 170 to 410
minutes) in group I and 200 minutes (range, 130 to 410) in group II (P <.001). Median aortic clamping time was 80
minutes (range, 35 to 110 minutes) in group I and 50 minutes (range, 24 to 150 minutes) in group II (P< .0001). Total
blood loss was 1600 mL (range, 400 to 4000 mL) for group I vd 1000 mL (range, 100 to 2900) for group II (P < .01).
The mortality rate was 3.3% for group I (1 patient) vs 6.6% (2 patients) for group II (NS). There were no significant
differences between the two groups in terms of postoperative systemic complications (23.3% vs 30%, NS) and local and
vascular complications (10% vs 3.3%). Duration of ileus (2 vs 3 days, P < .05), return to normal diet (4 vs 8 days, P <
.0001), day of ambulation (3 vs 4 days, P < .05) and dose of narcotics (3.5 mg vs 28.5 mg, P < .05) were significantly
lower in group I. Median length of intensive care unit stay was similar between the two groups (48 hours). Median
hospital stay was lower in group I but without significant differences with group II (9 vs 11 days, NS).
Conclusion: This case-control study provides preliminary results that short-term outcomes of total laparoscopic AAA
repair are comparable with those of open surgery. Peroperative data demonstrate that laparoscopy is more technically
demanding than open repair. However, the technical challenge of laparoscopy does not worsen the postoperative course.
( J Vasc Surg 2005;42:906-11.)
The feasibility of laparoscopic AAA repair has been
demonstrated.1-11 Our preliminary results showed that it
appeared to be worthwhile for patients once the initial
learning curve was overcome.1 Its role in the armamentar-
ium of vascular surgeons to treat AAA remains to be deter-
mined, however. Multicenter prospective randomized
studies comparing outcomes of total laparoscopic and open
AAA repair are essential to draw any firm conclusions;
however, such studies are not available at this time. More-
over, few surgical teams have the required level of expertise
in laparoscopic aortic surgery to start a multicenter study.
Considering these limits, we decided to do this case-control
study to compare the per- and postoperative outcomes of
total laparoscopic and open AAA repair.
MATERIAL AND METHODS
Between February 2002 and December 2004, we per-
formed 52 total laparoscopic AAA repairs. We reviewed the
last 30 patients of this series who were consecutively oper-
ated on between July 2003 and December 2004 by the
same surgeon (M. C). This laparoscopic group (group I)
was matched in a case-control fashion (Table I) by AAA
morphology and American Society of Anesthesiologists
(ASA) class with 30 patients who underwent conventional
AAA repair between November 1997 and December 2004
(group II). We selected only open cases when a senior
surgeon did at least aneurysmorrhaphy and anastomoses to
avoid bias due to the learning curve of young surgeons.
Moreover, during open AAA repair, it was our policy to
perform reimplantation of the inferior mesenteric artery
(IMA) whenever technically possible. We changed this
strategy during laparoscopic AAA repair, and the IMA was
only reimplanted when it seemed that colonic perfusion
was not ensured. Then, we did not select open cases when
the IMA was systematically reimplanted.
Group I. Patients underwent a total laparoscopic AAA
repair according to the technique we described previously.1
In summary, patients were positioned with their left side
elevated up to 70° to 80° with an inflatable pillow (Pelvic-
Tilt, O.R.Comfort, LLC, Glen Ridge, NJ). Four different
approaches were used to obtain aneurysm exposure.12-15
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Aortic and iliac clamping was performed with laparo-
scopic clamps (Storz-France SA, Paris, France). Clamps
stabilized the mesocolon and left kidney into position and
allowed a stable exposure during the performance of lapa-
roscopic endoaneurysmorrhaphy and anastomoses.
Different techniques were used to control the lumbar
arteries: (1) external control with hemoclips (Ligaclip
ERCA, Ethicon Endosurgery, Johnson-Johnson Co, Int,
Brussels, Belgium) after proximal aortic clamping, before
or after opening the aneurysmal sac, and (2) internal con-
trol into the aneurysmal sac with free 3-0 polypropylene
stitches. Laparoscopic anastomoses were performed with
hemicircumferential running sutures blocked on Teflon
(Dupont, Wilmington, Del) pledgets.1,12
A conventional woven Dacron (Dupont) graft (Gelweave,
Vascutek-Terumo, Inchinnan, Scotland) was used for each
procedure. When a bifurcated graft was necessary, femoral
or iliac arteries, or both, were exposed through conven-
tional approaches.
All patients were placed in intensive care unit (ICU)
immediately after the procedure and taken back to their
room as soon as hemodynamic, respiratory, and biologic
parameters were normalized.
Group II. Patients underwent a conventional AAA
repair according to techniques commonly used in basic
vascular surgery. For AAA exposure, we used transperito-
neal or retroperitoneal approaches. Transperitoneal ap-
proaches were obtained through a longitudinal (12 cases)
or transverse laparotomy (4 cases). An extraperitoneal ap-
proach was obtained by means of a left lombotomy (11
cases) or a left pararectal incision (3 cases). A conventional
woven or knitted Dacron graft (Gelweave or Gelsoft Plus,
Vascutek-Terumo, Inchinnan, Scotland) was used.
All patients were placed in the ICU after the procedure
and taken back to their room as soon as hemodynamic,
respiratory, and biologic parameters were normalized.
The demographic and clinical data from group I were
collected in a prospective manner. The demographic and
clinical data from group II were collected in a retrospective
chart review. Patients were classified in accordance with
ASA classification. In addition, all patients underwent stress
echocardiography, pulmonary, hepatic, and renal function
tests and esogastric endoscopy. Coronarography was per-
formed for patients with abnormal stress echocardiography.
Patients classified as ASA V and patients with signifi-
cantly abnormal cardiac, hepatic, and renal test results were
excluded from a surgical procedure. Severe chronic pulmo-
nary disease was the only contraindication for open AAA
repair.
Demographic data included age, gender, cardiovascu-
lar risk factors, and previous abdominal operation. Aneu-
rysm morphology was evaluated on maximum diameter,
length of proximal neck, and associated iliac aneurysms.
Intraoperative data included type of bypass, operative
time, aortic clamping time, blood loss, total liters of perop-
eratively given fluid, temperature at the end of the proce-
dure, and operative difficulties. Postoperative data included
mortality, postoperative systemic and local/vascular com-
plications, re-interventions, dose of narcotics, day of re-
moving the nasogastric tube, duration of postoperative
ileus, day to return to general diet, day of ambulation, and
length of ICU stay and hospital stay.
Statistical analysis. Proportions and categoric data
were compared with a 2 test. Continuous data were com-
pared with a Mann-Whitney test. All tests were two-sided,
and statistical significance was indicated by P  .05.
RESULTS
Preoperative data. The two groups had comparable
characteristics of age and cardiovascular risk factors (Tables
I and II) and similar cardiac, renal, and pulmonary status.
One patient in group II had end-stage renal insufficiency
with long-term hemodialysis. He was the only ASA IV
patient in the study groups. A previous major abdominal
operation was performed in three and four cases for groups
I and II, respectively (NS). In accordance with the study
design, AAA morphology was grossly similar between the
two groups. Two patients in each group had juxtarenal
aneurysms.
Intraoperative data. Tube and bifurcated bypass
grafts were performed in 13 group I patients and 17 group
II patients. Suprarenal clamping was necessary in one pa-
tient in group I with juxtarenal aneurysm. The second
patient was considered unfit for suprarenal clamping and
underwent an infrarenal clamping. The two patients of
group II with juxtarenal aneurysms underwent a suprarenal
clamping.
Median operative time was 255 minutes (range, 170 to
410 minutes) in group I and 200 minutes (range, 130 to
410 minutes) in group II (P  .0002). We define aortic
clamping time as the time elapsed between aortic clamping
Table I. Preoperative data
Group I Group II P
Median age (range) 73.5 (46-85) 73 (49-85) NS
Body mass index (range) 25.9 (20-33) 26 (19-31) NS
Sex ratio M:F 14:1 4:1 .05
ASA class
ASA 2 13 12 NS
ASA 3 17 17 NS
ASA 4 0 1 NS
LVEF (%) (median/range) 60 (52-75) 60 (42-81) NS
FEV1 (median/range) 2.71 (1.2-3.8) 2.41 (1.2-3.9) NS
Creatinine (median/ range)
(mol/L)
96 (44-172) 108 (58-558) NS
Hypertension (%) 56.6 60 NS
Tobacco use (%) 76.6 80 NS
Diabetes mellitus (%) 13.3 10 NS
Hyperlipidemia (%) 56.6 56.6 NS




ASA,American Society of Anaesthesiologists; LVEF, left ventricular ejection
fraction; FEV1, forced expiratory volume in 1 second; AIOD, aortoiliac
occlusive disease.
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and unclamping of the first iliac or femoral artery. Median
aortic clamping time was 80 minutes (range, 35 to 110) in
group I and 50 minutes (range, 24 to 50 minutes) in group
II (P  .0001). Median blood loss collected with a cell
saver was 1600 mL (range, 400 to 4000 mL) for group I vs
1000 mL (range, 100 to 2900) for group II (P  .01).
During open repair, blood lost in compresses was not
quantified. Other intraoperative data are summarized in
Table III.
In group I, two patients had combined procedures,
including one femoropopliteal bypass for critical limb isch-
emia and one inguinal herniorrhaphy. In a third patient (78
years old) with a 95-mm-diameter AAA, an aortocaval fistula
was discovered after laparoscopic tube graft interposition. A
15-cm laparotomy was performed in the left flank to achieve
hemostasis and endoaortic suture of the fistula. Operative
time was 260 minutes, with a blood loss of 3000 mL.
Three other patients needed additional vascular proce-
dures because of peroperative complications. Two com-
mon iliac artery dissections were observed in two patients.
In one case, it was probably due to iliac clamping and was
treated by endoluminal stent placement. In the second
case, a laparoscopic aortobiiliac bifurcated graft was im-
planted. Left common iliac dissection was observed, with
concomitant prosthetic limb occlusion. Thrombectomy
was performed with combined laparoscopic bypass grafting
to the proximal left external iliac artery. A third patient had
a tight stenosis of the left common iliac ostium after lapa-
roscopic tube graft implantation that was probably due to a
technical error at the anastomotic site. The endovascular
procedure failed and a crossover femorofemoral bypass was
performed, with a good result.
In group II, three patients had combined procedures,
including two IMA reimplantations and one inguinal her-
niorrhaphy. One 84-year-old woman who underwent an
aortobiiliac bypass grafting needed a peroperative throm-
bectomy because of acute prosthetic occlusion. No anasto-
motic anomalies were observed.
Postoperative data. The mortality rate was not statis-
tically different between the laparoscopic and open group
(3.3% vs 6,6 %, NS) (Table IV). In the laparoscopic group,
one patient died of multiorgan system failure (MOSF). He
underwent an aortobifemoral bypass graft for combined
AAA and LOAI. A preoperative computed tomography
(CT) scan showed juxtarenal thrombus, but he was consid-
ered unfit for suprarenal clamping. The IMA was occluded.
The laparoscopic procedure lasted 340 minutes with an
aortic clamping time of 110 min. Blood loss was 3200 mL.
The patient was reoperated at day 1 for an acute lower-limb
ischemia due to bilateral emboli. At day 2, he presented an
ischemic colitis and died of MOSF on the third postopera-
tive day.
In the open group, one ASA IV patient with end-stage
chronic renal insufficiency died of postoperative pneumo-
pathy due to Pseudomonas aeruginosa. A second patient
died of ischemic colitis and MOSF at day 2. She presented
with a peroperative bypass graft occlusion, as described
earlier, and was reoperated on the same day for bilateral
lower-limb emboli. The IMA was patent but ligated at the
initial procedure. Despite successful lower-limb salvage, a
fulminant ischemic colitis developed, and she and died of
MOSF at day 2.
Severe systemic nonlethal complications were observed
in one patient in group I and four in group II (NS). In
group I, the woman with a juxtarenal AAA, who was
considered unfit for suprarenal clamping, developed tho-
racic pain and serum troponin was elevated to 0.62mg/mL
at day 1. In group II, two patients developed cardiac
arrhythmia with hemodynamic consequences and needed
cardioversion. Two patients presented acute cardiac insuf-
ficiency with pulmonary edema necessitating a prolonged
ICU stay. In each group, moderate systemic complications
were observed in six patients, consisting of transient renal
insufficiencies and pulmonary atelectasia.
Local/vascular complications were observed in three
patients in group I and one in group II (NS). In group I, an
asymptomatic dissection of the left renal artery was discov-
ered on the postoperative CT scan. This patient, described







Diameter (mm) 53.9 (43-97) 51.5 (37-100) NS
Proximal neck length (mm) 28 (0-55) 19 (0-42) NS
Aortoaortic aneurysm 66.6% 64.3% NS
Aortoiliac aneurysm 33.3% 36.6% NS






Tube graft 13 13 NS
Bifurcated graft 17 17 NS
Total operative time
(min)
255 (170-410) 200 (130-410) .0002
Aortic clamping
time (min)
80 (35-110) 50 (24-150) .0001
Blood loss (mL) 1600 (400-4000)1000 (100-2900) .005
Body temperature
(°C)
36.5 (35-37.5) 36.5 (35-37.7) NS
Total fluid perfusion
(liters)
5.9 (1.5-9) 5.5 (2.5-10.5) NS
Table IV. Postoperative mortality and complications
Group I (%) Group II (%) P
Mortality 1 (3.3) 2 (6.6) NS
Systemic non lethal complications 7 (23.3) 10 (33.3) NS
● Severe 1 (3.3) 4 (13.3)
● Moderate 6 (20) 6 (20)
Local/vascular complications 3 (10) 1 (3.3) NS
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earlier, had a juxtarenal aneurysm and was considered unfit
for suprarenal clamping. Laparoscopic AAA repair was per-
formed through a left retrorenal approach, andwe think the
dissection was due to the traction on the left renal pedicle
during proximal clamp positioning.
Two patients needed re-interventions. In one, a retro-
peritoneal hematoma was evacuated at day 1 but without
any cause of bleeding. The second patient was described
previously. He underwent an endovascular procedure for
tight stenosis of the left common iliac artery after tube graft
implantation. He was reoperated on the same day for
retroperitoneal active bleeding. No anomalies were ob-
served on the tube graft. Bleeding was due to an accidental
perforation of the distal external iliac artery during the
endovascular procedure. In group II, one patient was reop-
erated at day 2 for retroperitoneal hematoma without any
cause of bleeding.
Postoperative recovery results are summarized in Table
V. Laparoscopic repair demonstrates an improvement in
day of removing the nasogastric tube, duration of the
postoperative ileus, day to return to general diet, day of
ambulation, and dose of narcotics after laparoscopic AAA
repair compared with open repair. Postoperative blood
transfusion was necessary for 19 and 10 patients in groups I
and II, respectively (P  .0004). Each patient transfused
received a median of two red blood cells units in the two
groups (NS). Median length of ICU stay was similar be-
tween the two groups (48 hours). Median hospital stay was
lower in group I but without significant differences with
group II (9 vs 11 days, NS).
DISCUSSION
Despite the development and widespread use of endo-
prostheses,16 open repair is still considered the most reli-
able and durable technique to treat AAA.17 Postoperative
mortality is 5%, and unlike endoluminal treatment, it
allows definitive prevention of rupture. Long-term results
are excellent, with a prosthetic complication rate of 8%.17
The main drawback of open repair is its operative trauma.
Widespread use of laparoscopy is observed in general and
urologic surgery to decrease surgical trauma. In vascular
surgery, except for some pioneers,1-3 few surgical teams
have entered this new field for aortic surgery and especially
for AAA repair. Two specific difficulties of aortic laparos-
copy, namely control of bleeding and videoscopic anasto-
moses, have discouraged vascular surgeons. In fact, the
main challenge of laparoscopic AAA repair is aortic clamp-
ing time with subsequent limb ischemia and increased
cardiac afterload. Moreover, technical difficulties or com-
plex anastomoses could rapidly increase clamping time and
bleeding.
Purpose of this study was to determine if the higher
technical challenge of laparoscopy influenced the postop-
erative course of AAA repair compared with open tech-
nique. Matching the two groups in terms of AAAmorphol-
ogy and ASA class was essential to compare procedures with
the same technical features and operative risks. We selected
the last 30 patients of our experience in laparoscopic AAA
repair to avoid bias due to the initial learning curve. How-
ever, we consider we were still in our learning curve in the
laparoscopic group until the first 50 patients compared
with our well-established experience with open AAA repair.
Another bias of this study was the retrospective collection
of data in group II, because it probably underestimated
intra- and postoperative events rate in this group.
As expected, intraoperative results have demonstrated
that total laparoscopic AAA repair was more technically
demanding than open repair. Operative time was longer,
and this is a well-known drawback of laparoscopy, even in
other specialties.18-20 It is usual to consider that major
laparoscopic procedures are about 30% to 40% longer com-
pared with open surgery. This additional time is usually
related to the laparoscopic technique itself and is not sys-
tematically associated with operative difficulties. We ob-
served the same difference between laparoscopic and open
AAA repairs.
Aortic clamping time was also longer during laparos-
copy. As defined, aortic clamping time included time
needed for aneurysmorrhaphy and anastomoses until per-
fusion of at least one limb. We did not differentiate these
steps in our study but the longest time was observed during
laparoscopic aneurysmorrhaphy and lumbar control.
Despite longer operative and aortic clamping times, we
did not observe more cardiovascular complications in the
laparoscopic group. These results are in accordance with
the low hemodynamic consequences of infrarenal aortic
clamping in good surgical risk patients.21 The main risk of
long infrarenal clamping time is limb compartment syn-
drome with rhabdomyolysis, but we did not observe this
complication in the laparoscopic group.
Blood loss was also higher during laparoscopy; how-
ever, we must emphasize that blood lost in compresses
during open repair was not quantified. Asmentioned, this is
a bias of the retrospective collection of data in group II. On
the other hand, during laparoscopy, all blood lost was
collected and quantified. A main drawback of laparoscopy
for bleeding control compared with open technique is the
lack of effective tamponade. Moreover, in cases of impor-
tant bleeding, vigorous suction evacuates the pneumoperi-
toneum, with immediate loss of visualization and subse-







Day of removing NGT 0 (0-1) 2 (0-15) .0001
Duration of ileus (days) 2 (1-11) 3 (1-13) .03
Day of general diet 4 (3-13) 8 (4-25) .0001
Day of ambulation 3 (2-14) 4 (3-21) .04
Dose of narcotics (mg) 3.5 (0-84) 28.5 (0-81) .03
ICU length of stay
(hours)
48 (7-432) 48 (12-912) NS
Hospital length of stay
(days)
9 (5-37) 11 (5-38) NS
NGT, Nasogastric tube; ICU, intensive care unit.
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quent difficult bleeding control and prolonged operative
time.
Another technical challenge of laparoscopy compared
with open repair is the lack of tactile feedback. In open
surgery, cross-clamping of a noncalcified iliac artery can be
performed with much greater confidence than in total
laparoscopic procedures. We think that the intraoperative
vascular complications we observed in group I were due to
this drawback of laparoscopy. Growing experience, the
learning curve, and training result in a decrease of such
technical errors.
Endovascular control with occlusive balloons could be
useful for severely calcified iliac arteries, but we had not yet
used this during laparoscopic AAA repair. Preoperative
assessment of aortic and iliac calcifications is also essential,
and we perform systematically a preoperative abdominal
CT scan without contrast. We think selection of patients is
preferable at the beginning of the experience, avoiding
patients with severely calcified aortic necks. Finally, a
change of peroperative strategy is sometimes needed when
thelaparoscopic assessment of iliac clamping and anasto-
motic sites seems unreliable.
Our postoperative data suggest that the higher techni-
cal challenge of laparoscopic AAA repair is not associated
with a worsening of the postoperative course.Mortality and
systemic complications rates were grossly similar between
laparoscopic and open group. More patients in the laparo-
scopic group needed blood transfusion. This is correlated
with the highest blood losses during laparoscopic proce-
dures as we described.
Postoperative recovery data suggest that the well-
known advantages of laparoscopy concerning the decrease
of surgical trauma are also valid after AAA repair. The main
advantages of laparoscopy are inflicting less trauma to the
abdominal wall, reducing pain, and allowing quicker gas-
trointestinal motility. According with such advantages, we
can expect a reduced incidence of abdominal wall hernia
and pulmonary complications. Despite faster postoperative
recovery after laparoscopic AAA repair, length of hospital
stay in the laparoscopic group remained longer than ex-
pected. However, we must remember that in each group,
social issues were often responsible for prolonged hospital
stay for patients aged 70 years.
CONCLUSION
This case-control study provides preliminary results
that short-term outcomes of total laparoscopic AAA repair
are comparable with those of conventional aortic surgery.
Laparoscopic AAA repair is technically demanding but
affords advantages of minimally invasive techniques for at
least the subset of patients who are at good surgical risk.
However, the technical challenge of laparoscopy raises
questions about whether all vascular surgeons should be
able to perform this procedure with outcomes comparable
with the standard procedure. Moreover, even if laparo-
scopic AAA repair is based on a proven surgical technique,
further studies are needed to ensure its long-term benefit
over open repair.
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